Abstract: Background: The concentration levels of As in the Chilean II Region of Antofagasta produces non cancer health outcomes such as cardiovascular diseases and in last term heart attack. On this study, the determination of total As content and main inorganic and organoarsenic species found in three heart tissues (auricle, mammary artery and fat) and the saphenous vein of people living in the Chilean II Region, suffering coronary thrombosis has been carried out. Comparison with similar tissues of patients from other noncontaminated areas has been undertaken. Methods: Total As determination has been performed by HG-AAS and ICP-MS. For As species have been used the tandem HPLC-ICP-MS using the Hamilton PRP X100 anion column and methanol:water (1:1) extraction. Results: The auricle and in less extend the saphenous vein support the higher As concentration (mean values of 7.7 and 2.5 µg g -1 , respectively), being As(III) the predominant species. Methylation towards MMA and DMA is not a favoured mechanism. Conclusions: The presence of high total As and high As(III) species content in the auricle and saphenous vein of more contaminated people, the damage found in the saphenous vein tissue and the global characteristics of the people under study in which the As stigmas are present in all of them, suggests that As could be involved in the cardiovascular diseases.
Introduction
The coastal -AndeanMountain -Upper Highlands Ecosystem of the II Region of Chile is an important area of the Atacama Desert; of which the River Loa basin is a part. This river is an aquatic desert ecosystem, and the source of drinking water for the cities in the II Region of Antofagasta in Chile. However, this particular ecosystem suffers from the chronic impact of endogenous arsenic due to volcanism in the area, and anthropogenic delivery of arsenic and other heavy metal due to mining activity (1) , which transport trace elements more rapidly into ecosystem in comparison to the normal geological process, thus spreading the heavy metals to human beings, through the biogeochemical cycles (2) .
To overcome the effect of arsenic on water quality, arsenicreduction plants have been in operation since 1972 for the principal cities of Antofagasta. Despite this, the effect of arsenic on human health has been noticeable in relation to cancer effects (3) and the incidence of cardiovascular diseases (CVD), which are recognized as typical non-cancer effects due to arsenic exposure (4) . Naturally occurring arsenic in the Antofagasta region at North of Chile is due to volcanic activity during the tertiary and quaternary periods in the Andes Mountain, and heavy metals delivery is principally due to copper mining activity (5) , which favours the arsenic enrichment of underground and surface waters. The most extensive copper production and contamination with arsenic occur in the area between 17º 30' and 26º 05' south latitude and between 67º 00' west longitude and the Pacific Ocean, usually at altitudes higher than 2,000 m above sea level (6) . Small, median and great mining in this area produces over 50% of the copper that is mined in the world. This is the reason why the Antofagasta region is called the -mining capital of Chile‖ ( Figure 1 ). Mining activity mobilized heavy metals into the environment at rates greatly exceeding those of natural geological processes, disturbing biogeochemical cycles, copper smelting and sulphuric acid plants generate significant emissions of SO 2 , arsenic and others heavy metals into the atmosphere, also diffuse pollution may be responsible for the contamination of the environment by toxic pollutants (7) .
The average concentration of arsenic in the drinking water of Antofagasta was approximately 800 µg / L during 1950-1970 (8) . After installation of arsenic-reduction plants, the arsenic concentration in drinking water of the principal cities of the Antofagasta region decreased to 50 µg / L, which it is the maximum level of arsenic in water recommended by the Chilean government. However, there are towns that consume drinkable water with arsenic levels over 50 ppb (8) . cancer mortality in the region of Antofagasta in Chile, is greater than reported for any other country to date as a consequence of environmental exposure to carcinogens in a major population, even though major decreases in arsenic exposure occurred more than 25 years earlier due to plants of arsenic depression. Increased lung cancer risk is similar whether arsenic is ingested or inhaled (16) .
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Typical clinical non-cancer effects affecting the health and quality of life of people due to environmental arsenic exposure, such as vascular diseases, abnormal pigmentation, Reynard's syndrome, acrocyanosis, hyperkeratosis, finger gangrene, tongue ischemia, diabetes, thrombosis, cerebral vascular disease (particularly cerebral strokes), coronary artery occlusions, and other CVDs have been associated to the arsenic chronic exposure (17, 18) . However, other factors of risk like smoking, serum high levels of lowdensity lipoprotein (LDL cholesterol) and high blood pressure levels have been associated cooperatively with the coronary heart disease (CHD) or cardiovascular atherosclerotic disease in humans. On the other hand, actually it is becoming increasingly evident that low or moderate level exposure to arsenic is widely prevalent (19) for cardiovascular risk. Therefore, it is necessary to obtain more direct evidence about the fate of arsenic in cardiovascular tissues.
The mechanism across mammalian animals including man metabolises and detoxify inorganic As is methylation to methylarsonate and dimethylarsinate (20) . Before this methylation arsenate must be reduced to arsenite; the binding of arsenite to tissue proteins would be an additional or perhaps the first step in the detoxification of inorganic As prior to methylation (21) . Therefore, before methylation, increases the in vivo toxicity and risk to the organism (21) . Otherwise, recently has been informed that biomethylation being a process that potentiates toxicity and carcinogenicity of inorganic arsenic (22) .
In healthy humans exposed to trace amounts of arsenic, the highest concentrations are found in tissues rich in sulfhydryl groups (e.g. skin, hair, nails). Little is known about the total concentration of arsenic in the organs of individuals not exposed to trace amounts of arsenic (23) . Median arsenic concentrations (in dry weight) in the organs of healthy people range from 0.012 µg/g in the brain to 0.46 µg/g in hair, while concentrations in the organs of healthy people from Japan (who generally consume relatively high amounts of seafood) range from 0.02 µg/g wet weight to 0.89 µg/g in nails (24) . In fatal cases of arsenic poisoning, the concentrations of arsenic in tissues changed and exceeded the above values, showing widespread distribution of arsenic in all organs, the highest levels (in decreasing order) were observed in liver, kidney, brain, lungs, heart, pancreas, spleen, and muscles (25) . However, comparative studies of trace elements and heavy metals in cardiovascular tissues are yet difficult due to the lack of -normal" values and arsenic speciation in human tissues is scarce (26, 27) . Most studies of arsenic speciation have focused on water, plants and animal tissues, and human fluids (e.g. urine) and tissues such as hair and nails (28, 29) .
In autopsy samples of people exposed to environmental basal arsenic levels, the concentration of the element is very similar in all internal organs (0.1 g g -1 ) but slightly higher in hair (0.6 g g -1 ) and nails ( 0.4 g g -1 ). However after an acute lethal dose (8.0 g of As 2 O 3 ), the highest levels were observed decreasing order in liver, kidney and other organs (muscle, lungs, brain). The inorganic trivalent species was predominant (>80%) and the metabolites MMA and DMA represented 10 and 5% respectively except in lipid rich organs that concentrations of these species are higher (20) . In animals arsenate has been shown to incorporate in the skeleton due to its similarity with phosphate anions. Background levels in breast milk range between 0.1 and 1 ng L -1 , but concentrations multiplied by a factor of 4 have been observed in human in case of regular seafood consumption (30) and by a factor of 8 in case of consumption of drinking water containing 200 g As L -1 (15) . Other data indicates that arsenic can easily crosses the animal and human placentas (29) .
The present study deals the distribution of the total arsenic concentration in cardiovascular tissues, obtained by heart surgery of a group of heart patients subjected to chronic arsenic exposure of the Antofagasta region, and in the same cardiovascular tissues from a control group of patients subjected to the same surgery type of regions of Chile without arsenic exposure coming from drinking water. The cardiovascular tissues were auricle (AU), mammary artery (MAM), saphenous vein (SAP) and the pooled fat sample from these cardiovascular tissues (FAT). Also, we report the results of arsenic speciation in the cardiovascular tissues and main inorganic and organoarsenic species found in three heart tissues (AU,MAM and FAT) and the SAP (used as bypass) of people chronically exposed to arsenic in the Chilean II Region, suffering cardiovascular diseases (CVD) and subjected to hearth surgery in Antofagasta. The found concentrations of total As and As species, and the histology study of some of these tissues, contribute to a best understanding about if As or its main species could be involved in the heart disease.
For some geological areas of the planet, the adverse effects of arsenic exposure on human beings are a truth public health problem (31) , that which also involve to the Medical Geology. Medical Geology is the science that deals with the impact of geologic materials and processes on animal and human health (32) (33) (34) . 
Experimental
This work was carried out according to the Helsinki IIdeclaration, with the consent and authorization of theAntofagasta Clinic. It was approved by the Committeeof Ethics of the University of Antofagasta (CBICREV 1 / 2010).
Instrumentation and chromatographic materials
Atomic absorption measurements were performed on a GBC 909 PBT Atomic Absorption Spectrometer coupled with a GBC HG-3000 Hydride Generator equipped with an electrothermal mantle GBC EHG-3000 to determine the total As content in the Chilean samples. A arsenic hollow cathode boosted discharge lamp (BDL) from Photron was used.
The Inductively Coupled Plasma Mass Spectrometer (ICP-MS) used for the determination of total As concentrations in samples from persons living in Madrid, and as a detector after HPLC species separation, was an HP -4500 (Yokogawa Analytical System, Tokio, Japan). This system was fitted with coof a Babington glass nebulizer and a Scott double pass spray chamber. Single ion monitoring at m/z 75 was used to collect the data. All signal quantification was performed in the peak area mode. 
Materials, reagents and standards
Sample mineralization were carried out in Teflon reactor bombs placed in usual lab oven and in heating aluminium plate by means a two steps procedure like similar way as Welz and Melcher (35) .
Solvent evaporation of extracts was performed in a Univapo100H-Unijet II system (UNIEQUIP, USA). Sonication of samples was performed in a focused ultrasonicbath (Bandelin Sonopuls HD-2200, Fungilab S.A., USA).
The extracting mixtures were prepared from deionised water (Milli-Q Ultrapure water systems, Millipore, USA) and HPLC-grade methanol (Merck, Darmstadt, Germany). Highpurity nitric and hydrochloric acids were obtained by the sub-boiling distillation of the analytical-grade reagent (Merck) in an I.R. distiller (Berghof, BSB-939IR, Germany). 4 , were obtained from Merck. Each arsenic species stock solution containing 1,000 g L -1 of As, was prepared by dissolving the respective amount of the pure compounds in water. As(III) and As(V) standards were prepared from sodium arsenite and sodium arsenate (Sigma Aldrich, St Quintin, Fallavier, France), dimethylarsinic acid (DMA) and methylarsonic acid (MMA) obtained from Merck, and arsenobetaine (AsB) and arsenocholine (AsC) obtained from Tri Chemical Laboratory Inc. (Japan). The stock solutions were kept at 4ºC in the dark. Working solutions were prepared daily and then diluted with water to the final concentration. Three certified from National Research Council Canada (NRCC) reference materials: Luts-1 (no defatted Lobster hepatopancreas), Dorm-1 (Dogfish muscle) and Tort-1 (Lobster hepatopancreas) were used to validate the total As determination and also for As species characterisation.
Sample populations
Auricle( AU) tissue, saphenous vein (SAP), mammary artery (MAM) and heart fat tissues (FAT) from about 40 patients operated in the Antofagasta Clinic of coronary thrombosis were analysed for total As content. The samples were obtained from a population under study, made up of patients who have lived at least five years in the II Region of Chile, and population control samples were obtained from about 20 patients operated in the Catholic University Clinic in Santiago of Chile, which coming from Chilean Regions without arsenic problem.
All manipulations and procedures for the preparation of the samples were made in the bench of the -clean laboratory‖ inside a laminar flow hood (Labconco, Purifer Class II) using inert devices such as plastic and Titanium knives, agate grinding mortar, and scalpels, scissors and forceps of surgical stainless steel. In each case, then of be liberated of the Titanium clasp and the fats residues, the tissues were rinsed with deionised water and separated as single samples, except the fat of which was prepared as pooled sample. All samples were stored at -20ºC before uses. Dry weight / wet weight factors were obtained according UNEP protocol (36) at 60 º C. From these samples, three different groups have been chosen for the study, results presentation and discussion: Group I. More contaminated group formed by 20 people presenting the higher Arsenic content in the auricle (the tissue with higher mean As level). Group II. Comparison group formed by 20 people presenting the lower As content in the auricle (probably the heart problem is not due to As); and Group III. Control group formed by 20 people suffering heart attack, which coming from V, VIII and IX Chilean Regions which are not exposed to the impact of arsenic (Valparaiso, Concepción and Temuco). Group IV. An additional samples from similar heart tissues were obtained for basal level from died persons living in Madrid where As contamination is not expected. Before operation, all the Chilean people initially analysed, filled in a survey with some personal characteristics for later relation with the As content TABLE 2.Patients had surgery for heart artery thrombosis; each patient was asked to complete a questionnaire table 3. 
Mineralization for total arsenic determination
About 0.5 -1.0 g of agate mortar grinded sample were placed in a Teflon reactor bomb, 10 mL of concentrated HNO 3, 2 mL of concentrated HClO 4 and 2 mL of 2% m/v Na 2 S 2 O 8 were added, and the sample was pre-digested overnight at room temperature. Next, the reactor was heated to 150ºC for 2 hours in an oven. After cooling, 0.5 mL of concentrated H 2 SO 4 was added and the digested sample was heated in the heating aluminium plate by semi refluxing in a 50 mL glass Erlenmeyer flask for about 2 hours (ambient to 300 º C) until the final volume was about 2 mL. The digested sample was diluted to 10 mL with 0.5 M HCl and total As was determined by HG-AAS. When analysis was performed by ICP-MS, distilled water was used for making up to the chosen volumes.
Extraction for arsenic species
About 0.5 -1.0 g of the 60 º C dried tissue materials were placed in plastic centrifuge tubes, and 10 mL of the methanol-water 1:1 v/v mixture was added following similar treatment that performed by Shibata and Morita (37) . The mixture was mechanical shaken for 3 hours, maintained at 55ºC for 10 hours and finally left in an ultrasonic focalized bath for 5 min. The samples were centrifuged for 15 min at 6000 rpm. After centrifugation, the extract was removed using a Pasteur pipette and the residue was re-extracted using 5 mL of the same methanol-water mixture under the same operational conditions. The extraction procedure was repeated in the residue once again with a methanol -water mixture 9:1 v/v following the procedure formerly described. The methanol -water 1:1 and 9:1 extracts were separately submitted to rotary evaporator at 40ºC under reduced pressure and a flow of extra pure N 2 . Each residue were dissolved in adequacy deionised filtered water volumes (0.45 m), and kept frozen (-20ºC) prior analysis. Two extracts were prepared from each sample and three for each reference materials.
Determination of total As
Total As content from Chilean people was measured in the samples, extracts and residues (after methanol -water extractions) after mineralization by HG-AAS. The arsenic content in the samples from Madrid (basal level), was measured by ICP-MS. Internal standard addition calibration was used for HG-AAS. External calibration using As(V) standard solution for ICP-MS was used. 72 Ge was used as an internal standard for ICP-MS. 
HPLC -ICP -MS for measurement of arsenic speciation
The extracts were diluted with diluted mobile phase solution depending species concentration. 100 µL of the diluted extracts were applied to the column. The ion intensities at m/z 75 were monitored. During ICP-MS analysis, an important interference is the possible formation of 40 Ar 35 Cl. However, the concentration of chloride in the analysed extract is low and corrected by the instrument. The peaks were integrated using either ICP-MS Plasma Lab software or Grams/32 software (Galactic Industries, SalemNY, USA).
An injection of 100µL of 5.0 ng mL -1 of As(V) before each chromatographic run were used apart the internal standard in order to correct any drift in the ICP-MS response.
Analytical validation, quality control and traceability of arsenic measurements
reference materials spiked with arsenic species frequently found in biological tissues, such as primary standard of As 3+ and As 5+ of sodium arsenite and sodium arsenate (Sigma Aldrich, St Quintin, Fallavier, France); DMA (Merck); monometilarsonic acid (MMA) (Chem Service, USA); AsB and arsenocholine (AsC) (Tri Chemical Laboratory Inc. Japan). The SRMs used in these quality control approaches were DORM-1, DORM-2, TORT-1 and LUTS-1 (National Research Council, Division of Chemistry,Ottawa, Canada). Detection limits were calculated in accordance with IUPAC criteria (38, 39) . The results of the measured values of arsenic were accepted if the coefficient variation of the precision and accuracy tests were less to 15 % of the accepted or certified values, respectively.
Before being applied to the cardiovascular tissue samples, the arsenic speciation protocol was applied to samples of standard reference materials. 
Statistics
Statistical analyses were carried out using the statistical package STATISTICA 6.1 (StatSoft, Tulsa, OK); p < 0.05 was considered statistically significant.
Histological treatment
For the histological study performed in some samples, the tissue was washed for 24 hours in running water and fixed in paraffin blocks dyed with hematoxilin-eosine, trichromic of Masson and orceine Van Giesson (43) . The histochemical methods it's based on combination of chromogenic reagents with mixtures of masking agents that block the reactivity of tissues. The paraffinzed sections show green granules, insoluble in water, through dissolved by acid and by ammonium hydroxide. This procedure demonstrates pretty well every practical histopathologic with additional diagnostic studies such as histological examination in microscopic scission.
Results and Discussion

3.1Total As content
The interval and mean value for total As found in the samples of the four analysed groups are given in TABLE 5. In the Group I (more contaminated), the AU has by far the higher concentration, with a mean value of 7.7 g g -1 , dry tissue, following by the SAP with 2.5 g g -1 . MAM and FAT tissues in this group present similar but lower As concentration than the former tissues with about 1 g g -1 each. The total As concentrations found in the auricle (and also saphene) of some people, not chosen as components of the Group I, are really high of about 20 g g -1 that reveal the high impact of the As in some individuals living and working in the contaminated areas. The comparison between Group II (less As contaminated in the Region) and Group III, (people from V, VIII an IX Chilean Regions), shows that concentration in the different tissues are quite similar. Considering the long distance between both population groups, these values can be considered as the mean level in these tissues for Chilean people. TABLE 6 shows the statistical results of the total concentrations of arsenic in the cardiovascular tissues of the Antofagasta region cardiac patients Group I, II and the control cardiac patients Group III. Application of the Shapiro-Wilkinson test shows that a normal (p = 0.05) distribution is not followed in either group; the distribution spreads are lognormal. FIGURE 2 shows the histograms of arsenic concentrations in AU and SAP in both groups of patients. Application of the student t-test for independent groups (p = 0.05) demonstrated that the arsenic concentrations in AU and MAM were significantly different between both groups of patients, but not for SAP and FAT. The highest arsenic concentrations in the cardiovascular tissues of the arsenic exposure Group I, II and non-exposure cardiac patient Groups III were found in AU and SAP, respectively, but the arsenic concentrations in the SAP of both groups of heart patients were not significantly different. The total concentrations of arsenic in the cardiovascular tissues of patients of the arsenic exposure Group I and II were associated to the demographic questionnaire data, for which the variables described above were considered TABLE 3. The total arsenic concentrations in the cardiovascular tissues of control group patients were associated with conditional variables, i.e. patients who smoked (S c ), patients who did not smoke (NS C ); patients who consumed moderately wine (W c ), patients who did not consume wine (NW c ); patients with dislipidemia (D c ), patients without dislipidemia (WD c ); male patients (M) and female patients (F).When the arsenic concentrations are associated with the variables influenced by geomedical factors, the application of the student test to the arsenic concentrations in auricle (AU), mammary artery (MAM) and saphenous vein (SAP) of the exposed Group I and II to arsenic, demonstrated that significant differences do not exist among the arsenic concentrations inside oneself type of cardiovascular tissue.It can be inferred that the arsenic concentrations on the cardiovascular tissues of cardiac patients of the Antofagasta region are independent of where they live and work in the Antofagasta region. There were significant differences in the arsenic concentrations in the pooled FAT cardiovascular samples for several pairs of variables related to medical geology factors: RS vs BA, CN, OC, WCh, NMW, and WA vs NMW. RS correspond to patients with residence at the south zone of Antofagasta city, which is near to copper smelting facilities.
The associative linking among arsenic concentrations in the cardiovascular tissues of the arsenic exposure Group I, Group II and control Group III with conditional variables (TABLE 3) , allowed by means the student t-test (p = 0.05) to identify statistical difference between the arsenic concentrations in the cardiovascular tissue of both groups of cardiac patients. For AU, the differences were significant for the variables NS, NW, NL, D, and M; in MAM, the differences of arsenic concentration between both groups were significant for W, NL, D and M; in SAP, the differences in arsenic concentration between both groups were significant alone for W and M. For FAT, they were not significant differences between the arsenic concentrations from the arsenic exposure Group I, II and control Group III. In this way, the box plots of the FIGURE 5 show the arsenic concentrations profiles in cardiovascular tissues translated according to the conditional variables of both groups. The plateau of the medians of the arsenic concentrations in AU, MAM and FAT of the arsenic exposure group is approximately twofold major than the arsenic concentrations in the same tissues of the control Group III. In SAP of the control Group III, some cases presented median values for arsenic concentrations higher than that of the corresponding cases of the arsenic exposure Group I and II. The above results permit infer that the influence of the medical geology factors are more determinative than conditional variables for the arsenic enrichment in cardiovascular tissues of humans; for another part, heart AU and MAMcould be good biomarker for arsenic exposure. Arterial vessels have already been proposed as biomarkers for the exposure to other heavy metals.
Figure 5:
Box plots of the arsenic concentrations in cardiovascular tissues translated according to the demographic conditional case variables of the arsenic exposure and control cardiac patient groups.
Histological study
FIGURE6Aand6Bshows the histological plates for the saphenous of a damaged and non-damaged tissue respectively. The vascular pathology, FIGURE6A, is type concentric intimal fibrosis. This vein-damage consists in the expansion of the internal surface due to miofibroblastos and due to this expands; the light circumference is strongly reduced. In this case, the tissue is seriously ill and the intimal layer has analogous thickness than the muscular layer. The concentric intimal fibrosis does not belong to the principal atherosclerotic disease damage, main causes for heart attack and is produced by age, or by the influence of chemical or immunological processes. In our case, the person is relatively young (45 years old) and can be suspected of arsenic as the main cause of the tissue damage. Then, appear not to be apparent that arsenic may cause necrosis in cardiovascular tissues of the man (44) . However, at the light of the new knowledge, a critical issue is how to distinguish between apoptosis and necrosis (45) . The total As concentration found in the saphenous of this patient was of 2.1 g g -1 . TABLE 7 shows the results of the arsenic fractionation in methanol-water mixtures (37) and the IC-HPLC-MS chromatographic speciation of the cardiovascular tissues of three heart arterial thrombosis patients of 37, 44 and 53 years old, who had lived in the Antofagasta region. These results show that most of the arsenic in the tissues examined was extracted by the 1:1 and 9:1 methanol-water-extracting solutions; this has also been observed in other biological tissues (37) . Under these conditions, the arsenic species contained in these cells could be extracted and the arsenic speciation investigated. Most of the total arsenic concentrations were extracted in 1:1 methanol-waterextracting solution (TABLE 7) , so we can assume that at least the 1:1 methanol-water extract contains the arsenic species of the cytosol solution. (a) Mean percentages (wet weight basis) of the tissues of three cardiac patients regarding their average total arsenic concentration; Nd = not detected.
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The arsenic speciation protocol described in this work was applied separately to the AU, MAM, SAP and FAT of each of the three cardiac patients from the arsenic exposure group of the Antofagasta region, and of a cardiac patient of the arsenic non-exposure group who had lived in the Valparaíso region all of his life. The arsenic speciation results are shown in TABLE 7 show the HPLC-ICPMS arsenic chromatographic speciation profiles of AU and MAM cytosol of the cardiac patient with the highest arsenic enrichment.
The arsenic speciation results in the cardiovascular tissues studied in this work shows that only arsenite (As
3+
) and arsenate (As 5+ ) species were found in the AU (TABLE 7) . Both inorganic arsenic species were confirmed by spiking the standard solutions of the species; arsenite was also confirmed after being separated by means of cationic chromatography using the cationic column Hamilton PRP -X 200, in which As 3+ does not overlap with other arsenic species. Arsenite was also the predominant species in SAP, which suggests that the arsenite species could be the main arsenic species in the cytosol of this tissue, but a small amount of DMA species were also found. In MAM, the major arsenic species were arsenate and AsB, DMA and MMA were only minor species; arsenite was not found. In the pooled fat of the cardiovascular tissues, AsB was the predominant species, followed by arsenate and DMA. The arsenic species stability was also monitored during sample preparation and storage (5).
MMA and DMA are the main products of the cellular biomethylation through the conjugated effects of Sadenosylmethionine and the methyltransferase enzyme, but this work do not allow discrimination between As(III) and As(V) methylated species. Hence, the spiking additions were made with As(V)-methylated arsenicals. As(V) is the main arsenic species in natural waters enriched in arsenic, therefore the biotransformation of As(V) to As(III) must be a main mechanism in organisms. In general, MMA and DMA species have been considered important species in arsenic detoxification mechanisms, so it was surprising that DMA and MMA species were not detected in AU and the concentration of DMA was very low in the SAP and MAM (TABLE 7) . Similar results were found in heart tissues of chickens (46) . AsB is believed to have a very low toxicity and has been found in human serum (9) ; the presence of arsenobetaine was unexpected in this work; this organarsenical species enters human beings principally from marine foods and from agricultural products coming from In vivo methylation has long been proposed as an arsenic detoxification pathway for inorganic arsenic (22, 47, 48) , but it has recently been shown that As(III)-MMA and As(III)-DMA, two intermediates in arsenate methylation, are more toxic to cells than As 3+ and A 5+ ions (22, 47, 49, 50) . Arsenic is primarily metabolized in the liver and cardiovascular tissue probably does not efficiently metabolize arsenic. The inefficiency of methylation mechanisms could be due to the lack of methylating agents in cardiovascular tissues. The methylation processes mainly occur in the liver and kidney of animals and is dependent on the type of animal; guinea pigs, marmosets, tamarind monkeys, chimpanzees, cannot methylate arsenic (51 -54) . Humans methylate arsenic (55, 56) , but at a specific inorganic arsenic dose, the methylation efficiency decreases in animals and humans (55) . A strong interaction of inorganic arsenic with cell constituents could lead to a larger fraction of stabilized inorganic arsenic (51) .
Another response mechanism to the toxicity of As 3+ could be its interaction with arsenic-binding proteins in the cytosol. Such arsenic-binding proteins in cardiovascular tissues have been found in arsenic-exposure patients (26) ; As 3+ is the main species bound to proteins in an intracellular solution of rat liver in which was also found about one-half of the methylated arsenic species bound to proteins (57) . Inorganic arsenic species have a high affinity for proteins containing conjugated sulphur groups and therefore extracellular and intracellular proteins could bind arsenic. The direct toxic effects of arsenic are thought to result from its interaction with sulfhydril groups in proteins (58, 59,).
We report, for the first time, the total concentrations of arsenic in cardiovascular tissues, obtained via heart surgery, from a group of arsenic-exposure cardiac patients who have lived in Antofagasta, an area of Chile with exposure to arsenic, in relation to a group of cardiac patients who have lived in regions of Chile without arsenic exposure. Arsenic speciation status was also investigated in the tissues of three patients subjected to heart surgery from the arsenic exposure group, and in a patient from the non-exposure group. Knowledge of total arsenic level concentrations and the speciated distribution of arsenic in cardiovascular tissues, in particular, the prevalence of As 3+ in the auricle of the arsenic exposure group of heart artery thrombosis patients, will aid the understanding of the long-term effects of arsenic on cardiovascular and vascular illnesses. The results obtained in this work, supplemented with recent epidemiologic (60, 61) evidence, allow us to conclude that the cardiovascular tissues are good biomarker tissues of the risk to cardiovascular health of exposure to arsenic. In particular, it was demonstrated that the auricle is an -As 3+ target tissue‖, which is important because inorganic As(III) is the most toxic arsenic species. After the first methanolic extraction which contain to the cytosol solution, the As(III) extracted was about 50% of the total As content in the tissue. The As(V) is about 10% of the total. This result is interesting because As(V) is the main contaminant species present in the natural waters, therefore biotranformation to As(III) is a main mechanism. No other species seems to be present.
In the saphenous vein also As(III) and As(V) are the main species present, but little amount of other species such as DMA was found. One again the As(III) is the predominant species in the methanolic extract, which could involve that free As(III) specie is a principal component of the cytosol solution in this cardiovascular tissues.
In fat tissue AsB is the predominant species and in the mammary artery the As(V) species, that account about 40% and 30% respectively of the total As content in the respective tissues.
Conclusions
The results of this work and recent epidemiologic knowledge (16, 17, 62) allow concluding that the arsenic accumulation and their speciation in cardiovascular tissues, particularly in human beings subjected to chronic arsenic exposure, they are factors of risk fortheir heart health. In particular, the auricle (AU)behaves as an ‗‗As +3 '' target tissue, which is one of the most toxic arsenic species. Otherwise, linking of the total concentrations of arsenic with conditional variables and variables related to medical geology factors, allowed us to infer that the latter are more significant for the cardiovascular risk of arsenic exposure in the Antofagasta region.
One surprising fact is that the DMA and MMA species are absent in the auricle tissue and the concentration of DMA is very low in the saphenous vein in Group I, mostly considering that these species are the main species formed in the detoxification mechanism. Some explanation can be highlighted: i) the lack of methylation mechanisms because of the lack of methylating agents in these tissues; ii) at a certain inorganic As dose level, the methylation efficiency decreases in animals and humans (51); iii) the incapability of DMA to bind some cell constituents as in the case of lungs of rabbits has been found (52) . 
